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Abstract 

^^ In a room with five cosmologists there there may easily be ten theories of cosmogenesis. Cos- 

^^ mogenesis is a popular topic for speculation because it is philosophically deep and because such 



(N 



speculations are unlikely to be proven wrong in the near future. The scenario we present here 

was intended mainly as a pedagogical illustration or toy model, but it turns out to possibly have 

I— I a more serious and interesting result - a rationale for the spatial flatness of the Universe. Our 

O 
O"^ basic assumptions are that the cosmological scale factor obeys the standard Priedmann equation 

U 

bJO of general relativistic cosmology and that the equation is dominated by a cosmological constant 

I term and a curvature term; the dynamics of the Universe is then (approximately) the same as that 

[~^ of a tipping pencil. The scale factor cannot remain at an unstable initial value of zero and must 

(^ increase (i.e. the Universe must come into existence) according to the uncertainty principle, that is 

in 

[^ due to quantum fluctuations; in other words we propose in a precise but limited context an answer 

o 

,-_l to Heidegger's famous question "Why is there something rather than nothing." The mechanism 

?• is the same as that whereby an idealized pencil balanced on its point cannot remain so and must 

S^ tip over. If it is moreover assumed that the Universe expands at the minimum asymptotic rate 

consistent with the uncertainty principle then the result is spatial flatness. 



^ 



I. INTRODUCTION 

Cosmology has been a remarkably successful field in the last half century.'^' Due to our 
understanding of high energy particle physics embodied in the standard model of quarks 
and leptons we have considerable confidence in our understanding of the Universe as far 
back as a microsecond or less and may even make reasonable theoretical speculations back 
to the inflation era at roughly 10~^^ sP For times before that we are free to speculate with 
varying degrees of plausibility; there has been a great amount of such speculation, although 
it is often not clearly labeled as speculationP 

One remarkable observational fact concerning the ACDM model is that the current Uni- 
verse is quite close to being fiat; that is fi = to about a percent, which inflationary theorists 
ascribe to the large and rapid increase of the scale factor-l^ Our main result is a plausible 
alternative explanation for the flatness. 

Our basic assumption in this note is that the scale factor of the Universe at t = is 
described by the usual Friedmann equation, which is dominated by a cosmological constant 
term and a curvature termP Then the dynamics of the scale factor is approximately the 
same as that of the idealized tipping pencil shown in fig. 1, with an infinitely sharp point. 
The pencil thus serves as an amusing analog computer. 

A well-known homework problem in quantum mechanics is to calculate the the maximum 
time that such a pencil can be balanced before it tips over, subject to the uncertainty 
principle.'^ The same calculation can be applied to the scale factor of the Universe to see 
why it cannot remain at zero and how rapidly it must increase. Curiously it turns out that 
the analogy leads to a spatially flat Universe. 

In sec. 2 we review the analysis of the tipping pencil, treated semi-classically but subject 
to the uncertainty principle. In section 3 we analyze the evolution of the Universe as an 
unstable system analogous to the pencil, with its evolution initiated by a quantum fluctuation 
according to the uncertainty principle, which leads to a spatially flat Universe. Within 
the context of cosmology and precise assumptions about the contents of the Universe we 
therefore offer an answer to Heidegger's famous question "Why is there something rather 
than nothing."'^ 

Almost needless to say our cosmogenesis scenario is quite speculative. We call it a scenario 
or toy model since it is not based on a compete theory, but it does give a plausible explanation 



of spatial flatness. We emphasize that the model is not a quantum cosmology but only uses 
a quantum fluctuation to get things startedP 

II. PARABLE OF THE TIPPING PENCIL 

We first consider the simplified pencil resting on its tip in fig.l. It is easy to obtain its 
equation of motion for small angles, 6 < 1, 

e = u^sme^uj^e. (i) 

Here u is the frequency the pencil would have if suspended by its tip as a pendulum, 
^ = ydl^- A typical value is about w = lOrad/s. The solution of Eq. (hj) in terms of the 
initial angular position Qq and angular velocity Qq is 

Q = Qq cosh(wt) + (^o/w) sinh(wt). (2) 

Classically the pencil could be balanced forever, ^ = 0, by choosing the initial conditions 
6^0 = and ^o = 0, although of course this solution is unstable. 

The initial conditions ^o = and ^o = are not consistent with the uncertainty principle. 
If we denote the mass by m and the effective length by / then the initial uncertainties in 
position and momentum for the top of the pencil are 

Ax ^ Q^l, (3a) 

Ap ^ mQ^l, (3b) 

so the uncertainty principle demands 

QqQq > h/mt^. (4) 

We obtain the maximum time one can balance the pencil, consistent with the uncertainty 
principle, by taking 

Oq = h/mPeo, (5) 

and minimizing 9 with respect to 9q in Eq. ([2]). This gives 

{mfuj/n)el = tanh(u;t), (6) 



The tanh function rapidly approaches 1 for wt > 1, so to maximize the time of fall we choose 
6'q = h/{mPu) and thus obtain the initial values and solution to be 

Oq = Oq/lo = ^/h/{mPio), (7a) 



e = x/h/{mKJ)[cosh{ujt) + sinh(wt)] = ^/h/{mPuj)exp{ujt)). (7b) 

Of course this solution is only valid for < 1. 
A first integral of Eq. ([I]) is 

and the constant of integration k may be expressed in terms of the initial conditions as 

k = uj^el - el (9) 

The effective potential is thus an upside-down harmonic oscillator, V = —iJ^(P'. Eq. rtsl) is 
the same as the cosmological equation we will discuss in the next section, except that the 
restriction Q <\ will not apply to the cosmological problem. 

It is amusing to calculate a typical maximum value for the time it takes the pencil to fall, 



which is surprisingly short. From Eq. (7b) the time to fall to Q is 

t = (l/a;)[ln(^) + (1/2) ln{ml^uj/h)]. (10) 

For a typical pencil rough values are m ^ 10~^kg and / ^ 10~^m so that u ~ lOrad/s and 

t = (1/10) [\n{0) + 36)]s ^ 3.6s. (11) 

The time is very insensitive to the choice of 6 as the final angle. One can easily balance a 
pencil for about a second, so this quantum-imposed maximum is not much longer. Finally, 
note that in one second ut ~ 10 and tanh(wt) ^ 1 — A x 10~^, so taking tanh(wt) = 1 is 
quite well justified even for relatively short times. 

III. COSMOGENESIS 

From the amusing but mundane problem of the tipping pencil we proceed to the deeper 
and more interesting problem of the origin of the Universe and its spatial geometry. From 



the standard starting point of the Einstein equations apphed to the Freidmann-Robertson- 
Walker metric we obtain the Friedmann equation for the cosmological scale factor a, which 
is the fundamental equation of cosmology, 

a^ja^ = (SttGp/S) + (A/3) - k/a\ (12) 

Here p is the density of any fluid present in the early Universe, not including dark energy, 
A is the cosmological constant at early time (presumably very much larger than at the 
present value), and k is the spatial curvature P For a hyperspherical universe the curvature 
is positive, for a pseudo-hyperspherical universe the curvature is negative, and for a fiat 
universe it is zero. 

For the earliest times it is plausible to assume that the Universe contains no fluid density 
and is dominated by the cosmological constant (equivalent to dark energy) and the curvature 
term of unknown sign and magnitude. This assumption is essentially the same as made in a 
typical inflation theory, except that a slowly varying field plays the role of the cosmological 
constant.'^ Thus we deal with 

dVa' = (A/3) - k/a^ (13) 



We recognize this as the same equation as the first integral of the tipping pencil Eq. (pj) 
with the correspondence 9 = a and to = a/(A/3) , so we can immediately write the solution 
in terms of the initial values ao and do as the analog of Eq. (|2| 

a = ao cosh(ci;t) + (do/u) sinh(ci;t) (14) 

The curvature in terms of the initial values is 

k = uPa^ — Oq. (15) 



The cosh and sinh solutions in Eq. ( 14 ) are of course well-known and correspond to positive 
and negative values of the curvature. 

The amusing physics now enters if we ask why the Universe should exist; that is why 
should the Universe not remain in unstable equilibrium at a = , rather than have a > 
which we observe so readily? A reasonable answer is that an uncertainty principle should 
prohibit oq = do = so that a quantum fluctuation pushes the Universe out of its unstable 
equilibrium condition, precisely as with the pencil in section 2. As with the uncertainty 



principle Eq. Q for the pencil such an uncertainty principle should take the form 

aodo > h/mP. (16) 

where m and / are some characteristic mass and length parameters of the nascent Universe, 
perhaps the Planck mass and length for example. Thus we ask that the Universe have a 
minimum scale factor at asymptotically large times consistent with the uncertainty principle 



and obtain, as in Eq. (7b) 



a = \/h/{mPu) exp{ut). (17) 

Therefore the scale factor is prevented from being zero by the nonzero value of h and the 
Universe is forced into existence by the uncertainty principle. Moreover the demand of 
minimum expansion leads to zero spatial curvature, which is a rather interesting result. 
We could ask what reasonable values the parameters m and / might have and what the 



coefficient in Eq. (17) would then be. However for k = the Friedmann Eq. (13) is scale 



invariant so the scale factor is arbitrary up to a constant multiplier. The coefficient in 



Eq. (17) is thus not observable and the values of m and / are irrelevant. 



In summary, the uncertainty principle Eq. ( 16 ) serves to destroy the unstable equilibrium 



and start the expansion of the Universe, but any further effects, other than spatial flatness, 
are thereby erased. 

IV. SUMMARY 

We have presented a scenario for cosmogenesis in which the nascent Universe is dominated 
by a cosmological constant, or dark energy, and curvature. The Universe is prevented from 
remaining in unstable equilibrium with a scale factor of a = by the uncertainty principle. 
If the subsequent expansion is taken to be minimal then the curvature must be zero. That 
is we may view the flatness as the result of a "laziness principle." The scenario is not a 
quantum cosmology although a quantum effect serves to begin the expansion. There is thus 
no difficulty of interpretation common to quantum cosmologies. 
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Figure captions 
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FIG. 1: The schematic pencil with mass m and length I tips at angle Q. 



